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Antl Hepatitis C virus antibody and uses thereof 
FIELD OF THE INVENTION 

The present Invention concerns human antibodies capable 
conformation-dependent epitopes of Hepatite C vims 
various uses thereof. 



(HGV) 



Several documents are cited throughout the text of this 
documents cited herein (Including any manufacturer's 
etc.) are hereby Incorporated herein by reference; however, 
that any document cited is Indeed prior art as to the present 



J| BACKGROUND OF THE INVENTS 



Hepatitis C virus (HCV) Is the principal causative agent for 
The prevalence of HCV infection in the blood donor population has been estimated 
to range from 0.4 to 2% (Choc et aL, 1989). Acute HCV Infection leads, In more than 
70% of the patients, to the development of chronic hepatitis 
cin+iosis and hepatocellular carcinoma (Salto et al., 1990 
positive-stranded RNA virus which is classified in the Flavhliridae family (Francki et 
al., 1991, Miller et ah, 1990). It contains a genome of about 9,500 nts encoding a 
polyproteln of 3010 to 3033 amino acids. Processing of the 
viral proteases results in the production of structural and nonstructural (NS) proteins 
(Rice at al.. 1996). Structure* proteins include a nucieocapsid and two putative virion 



of specifically binding to 
glycoprotein E2 and 



specification. Each of the 
sppcifications, instructions, 
', there is no admission 
Invention. 



non-A, non-B Hepatitis. 



that can evolve towards 
HCV is an enveloped 
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env8lo P G glycoproteins El and E2 (Miyamura et al., 199aL Non-structural proteins 
Include NS2 to NS5 antigens. 

in soma individuals, acute infection successfully resolves Indicating that HCV can be 
controlled by the host immune system. The mechanisms by which, the host 
overcomes HCV infection remain unknown. Previous repcrts strongly suggest that 
humans and chimpanzees can generate virus-neutralizing antibodies (Choo et al„ 
1994, Farci et al.. 1994, 1996. Shimjzu et al., 1994). Successful in vivo protection of 



HCV isolate has been 



chimpanzees from primary Infection by an homologous 
achieved following immunization with recombinant E1 and |=2 proteins (Choo et al., 
1994). In that study only those chimpanzees showing high anti-E2 antibody titers 
were protected. While neutralizing antigenic domains were not Identified, it was 
postulated that conformation of the immunogens was crijical for the Induction of 
neutralizing antibodies. 
As there is to date no efficient in vitro replication system to grow the virus and 
develop neutralization assays, alternative assays to assess 
anti-E1/E2 antibodies are actively searched for. Prevention 



the biological function of 
of viral attachment onto 



presumed susceptible cells has been described in prellmlnaiy studies (Shlmizu et al., 
1994, Zlbart et al., 1995). More recently, an "in vitro" neutra Ization of binding (NOB) 
assay has been developed that Is exploiting the specific binding of. a highly purified 
E2 protein onto susceptible target cells (Rosa et al.. 19961). This assay allows the 
quantitative evaluation of NOB antibodies that are capable oF neutralizing the binding 
of E2 onto such cells. Using this system, Rosa et al.. havo shown that only those 
chimpanzees immunized with E1 and E2 proteins that developed high anti-NOB 
titers were protected against challenged infection (Rosa et al.. 1996). suggesting that 
NOB activity could be an indication for "In vivo" neutralization of viral infection. In HIV 



of antibody binding to 
us neutralization (Fouts 



infection, a similar model has recently shown that affinity 
envelope glycoprotein oligomers was a good predictor for vi 
et al., 1997). Another way to assess the' biological activity o'anti-EI and/ or anti-E2 
antibodies consists in testing the ability of such antibodies to recognize native 
structures believed to exist on the surface of virions. In vitro rtudles have shown that 
E1 and E2 interact to form non-covalently linked complexes (Deleersnyder et al., 
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1997, Ralston et a!., 1993), Such complexes have beent proposed to represent 
functional subunits of HCV virions (Deleersnyderet al., 1991, Dubuisson et aL, 1994, 
Dubuisson and Rice, 1996, Ralston et aL, 1993). Probing fll the B^cell repertoire in 
viral infections is critical for the understanding of pathogenelis associated with these 
infections- Human monoclonal antibodies provide an alternative method to do so. 
Isolation and characterization of such antibodies have bee i reported in the case of 
HCV for only a limited number of vlraf antigens, These InclLde the nucleocapsid, the 
NS3 and NS4 proteins (Akatsuka et ah, 1993. Cerino et al, 1991, 1993, Chan et al., 
1996, Mondelli et aL, 1994) and more recently the glycoprotein E2 (Chan et al.,' 
1996). In this latter case, authors used the phage display technology coupled with 
the use of synthetic peptides for the screening of the antli immune reactivity and 
were able to obtain specific IgG singie^hafn Fvs that recoinized the E2 sequence. 
Whila a specific linear epitope sequence was identified, no biological activity for the 
anti,E2 antibody was described end the putative role of this antibody in the control or 
progression of Infection remains undefined. 

SUMMARY OF THE INVENTION 



present 
i present 



The present invention relates to novel antibodies 
complementarity determining region (CDR) of the variab 
antibody which is capable of specifically recognizing a 
epitope of HCV glycoprotein E2. Furthermore, the 
antigens recognized by said antibodies. In addition, the 
polynucleotide encoding the above-described antibody 
comprising said polynucleotide as well as cells comprising 
polynucleotide or vector. A further aspect of the invention is 
antibodies capable of recognizing conformation 
glycoprotein E2 and that are capable of neutralizing the b 
onto susceptible cells. The present Invention further 
diagnostic compositions comprising the : afore-mentionec 



dependent 



involves 



comprising at least one 
e domain of a human 
conformation dependent 
invention relates to 
invention relates to a 
or antigen, vectors 
the afore-mentioned 
a method for preparing 
epitopes of HCV 
nding of the E2 protein 
pharmaceutical and 
antibodies, antigens, 
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polynucleotides, vectors or cells as well as the use 
compounds in various therapeutic and diagnostic applications 



of the afore-described 



DETAILED DESCRIPTION OF THE PRESENT IN VF NT Iff 



1 



of recognizing antigens 
precipitate noncovaientiy 



Accordingly, the technical problem of the invention is to provide means and methods 
for the treatment and prevention of HCV infection in human; . 
The solution to this technical problem is achieved by providing the embodiments 
characterized in the claims, namely antibodies are prodded that 1) recognize 
conformation-dependent determinant(s), 2) were capable 
derived from different HCV genotypes and 3) were able to 
associated E1E2 complexes believed to exist on the surface of virion particles; and 
4) are capable of neutralizing the binding of E2 proteiji onto susceptible cells 
suggesting the potential of the antibodies for in vivo neutriiizatlon. Such antibodies 
are particularly useful for the development of therapeutic or preventive strategies to 
fight infection by a highly mutable agent such as HCV. ■ 

i 
i 

Accordingly, the invention relates to an 'antibody comprising at least one (preferably 
two, more preferably three, four or five, and most preferably six) complementarity 
determining region (CDR) of the V H and/or V L region of a human antibody comprising 
the amino acid sequence encoded by the DNA sequence depicted In Figure 5 (V L ) 
and Figure 6 (V H ) that specifically recognizes a conformation-dependent epitope of 
Hepatitis C Virus glycoprotein E2 and is capable of preciprtating covalently or non- 
covalently associated E2/E1 complexes.' 

The person skilled in the art knew that each variable donpain (the heavy chain V H 
and light chain V L ) of an antibody comprises three hypervartabie regions, sometimes 
called complementarity determining regions or "CDRs" flanked by four relatively 
conserved framework regions or "FRs". The CDRs contains in the variable regions 
of the antibody of the invention can be determined, e g. ( according to Kabat, 
Sequences of Proteins of Immunological Interest (U.S. Department of Health and 
Human Services, third edition, 1983, fourth edition, 1987 fifth edition 1990). The 
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variable domain of the 
can be used for the 
specificity and biological 



person skilled in the art will readily appreciate that the 
antibody having the above-described variable domain 
construction of other polypeptides or antibodies of desired 
function, Thus, the present invention also encompasses polypeptides and antibodies 
comprising at least one CDR of the above-described variable domain and which 
advantageously has substantially the same or similar binding properties as the 
antibody described in the appended examples. The person skilled In the art will 
readily appreciate that using the variable domains or CDRs described above 
antibodies can be constructed according to methods known In the art, e.g., as 
described in EP-A1 0 451 216 and EP-A1 0 549 581. 

The term "conformation-dependent epitope of Hepatitis C Vims glycoprotein E2" 
denotes the non-linear nature of the epitope recognized 
invention. This means that the antigen's determinants of th€ 
the three-dimensional structure of the HCV glycoprotein E2 
acid sequence as such. 

The term "capable of precipitating covaientty or non-cove 
complexes" refers to the ability of the antibpdy of the invention to precipitate E1 and 
E2 noncovalently associated complexes which are believed to exist on the virion 
particle. 

The term 'capable of neutralizing the binding of E2 protei i onto susceptible cells" 
describes the ability of candidate antibodies to neutralize the binding of highly 
purified E2 (neutralizing of binding or NOB) onto cells susceptible to HCV Infection; 
see also Example 4. Advantageously, the antibody of the invention has an NOB 
activity at a; concentration of about 1 ng/ml, preferably at a concentration of about 
0.1 ^ig/ml and most preferably at a concentration of about 0. D3 jig/ml. * 



by the antibody of the 
epitope are provided by 
rather than by the amino 

lently associated E2/E1 



In accordance with the present invention a' screening assafy 
the detection of anti-E2 antibodies capable of recognizing 
cells without the requirement of antigen purification was cholsen 
antibodies directed at conformation-dependent determinants, 
based on expression of a genotype 1a derived antigen 



that specifically allows 
E2 directly expressed in 
to identify and purify 
The assay was also 
thus allowing for the 
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characterization of cross-reactive anti-E2 antibodies and epitopes. Using this 



•E2 antibodies from two 



Western-blots and 
domains of the protein 
ijmd, immunoprecipitation 



approach, two clones have been obtained producing anti- 
HCV chronically infected patients. The first clone {clone 50; ) was obtained from one 
patient (patient 1) Infected by a genotype 4 isolate while (the second clone (clone 
108) was derived from a second patient (patient 2) infected by a genotype 1b Isolate. 
It could be shown that the HMabs displayed in addition a good reactivity against a 
genotype 1b antigen suggesting that the determinant(s) targeted by these antibodies 
are conserved among at least two of the main prevalent vi al subtypes found in the 
world (subtypes 1a and 1b). 

The results obtained in accordance with the present Jenfon indicate that the 
determinants recognized by the HMabs of the Invlntlon are targeted at 
conformatiorvdependent domains of E2 since linear determinants using different 
screening approaches, including peptlde-scannlng 
Immunofluorescence analysis using expressed truncated 
could not be identified; see Example 2. On the other hi 
studies performed under reducing or non-reducing conditions indicated that the 
HMabs recognized a conformation-dependent-determinant. Under non-reducing 
conditions, these antibodies precipitated covalently as well as noncovalentiy 
associated E1E2 complexes; see Example 3.2. The latter are thought to be 
functional subunits incorporated In the virion particle (Deles -snyder et al.. 1997). The 
present data, in particular obtained from kinetic analysis of epitope formation 
strongly indicate that the two HMabs recognize domains of the E2 protein that 
appear to be folded early. Such domains would stay accessible as the protein further 
matures, until it adopts its final conformation characteilstic of the form of E2 
susceptible to be present on the surface of virions. The cinetlc analysis, together 
with the NOB data (i.e. antibody 503, displaying NOB activity) also suggest that the 
two antibodies recognize different determinants; see Exanple 4. Alternatively, that 
affinity of the antibodies for the E2 protein differs. 

The most encouraging result obtained In accordance with the present Invention was 
the demonstration that one of the HMabs displayed strong NOB activity. These 
observations together with Rosa's et al. (Rosa et al., 1996), indicate that the 
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determinants) recognized by NOB antibodies are likely directed at conformation- 
dependent domains of E2, domains that appear to be con served between different 
genotypes. Such domains seem to be distinct from the hypervariable region 1 (HVR) 
that has been shown to contain neutralization epitopes. In a recent study, Zibert et 
al. (Zlbsrt et a!., 1997) have been able to correlate early appearance of antibodies 
directed at a non-conformation al structure found in the HVR with acute self-limited 
infection. Results from the study suggests the critical existence and role of 
antibodies directed at a linear determinant of E2 in the control of HCV infection, 



inaliy performed in the 



of a well characterized 
'med by Shimizu et al. 



observations that are tn agreement with a study orig i 
chimpanzee model by Farci et al. (Farci et al., 1996). Authors in this latter study 
generated a hyperimmune serum directed" at a peptide trim the HVR, serum that 
contained antibodies capable to neutralize the infectivity 
inoculum in vitro. A similar experiment was also perfb' 
(Shimizu et al„ 1996). Thus, all of these studies strongly suggest that neutralization 
of HCV would mostly be type^specrflc Involving the partic ipation of variable, non- 
conserved epitopes. Nonetheless, recent observations have begun to suggest the 
existence of other neutralization determinants, cross reactive and not directed at the 
HVR. In the vaccination study by Choo et al., induced naturalizing antibodies were 
not directed at the HVR of E2 but apparently at other determinants carried by the 
antigen (Choo et al., 1994). Abrignanl has recently observed a correlation between 
spontaneous resolution of chronic infection and appea'ance of high anti-NOB 
antibody titers (Abrignanl 1997). In patients, described In tie Examples hereinafter, 
high or measurable neutralization of binding of E2 was not restricted to sara from 
patients Infected with genotype 1a isolates,' thus suggesting the existence of cross- 
reactive epitopes such as those described In the present application. As it was 
drfficult to find a direct correlation between NOB titers of a purified MAb and titers 
found in patients' sera (both patients In our study had similar NOB serum titers > 
1:1000), it was surprising that antibody 503 has an NOB Activity detectable at very 
low concentration (0.03 ug / ml) providing for a potent activity; see Example 4. 
The HMAbs produced in accordance with the present Invention are expected to be 
useful tools to study further the biogenesis, folding and assembly of HCV 
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glycoproteins as well as for characterization of the virion 



structure and a putative 



exempted by Ab 503 



cell-surface receptor. As the antibody of the invention 
represents the first HMAb described to date as having NO^ activity, this antibody is 
particularly useful for passive immunization studies. Antibo Jy Infusion studies have 
demonstrated, in the case of lentivirusea, a beneficial role of administered 
neutralizing antibodies In the control and even the prevention of infection in different 
animal models (Conley et al., 1996, Emini at al., 1992, Putkonen et al„ 1991). 



In a preferred embodiment of the invention, said antibody l< a monoclonal antibody, 
a polyclonal antibody, a single chain antibody, humanize* antibody, or fragment 
thereof that specifically binds said HCV E2 glycoprotein Llso including bispecific 
antibody, synthetic antibody, antibody fragment, such as Feb, Fv or scFv fragments 
eta, or a chemically modified derivative of any of these. Monoclonal antibodies can 
be prepared, for example, by the techniques as originally described In Kflhler and 
Mtlstein, Nature 256 (1975), 495, and GalfrS, Meth. EnzyrL. 73 (1981), 3, which 



comprise the fusion of mouse myeloma cells to spleen ceils i 
mammals with modifications devefoped by the art. .Furthermore, antibodies or 
fragments thereof to the aforementioned epitopes can be obtained by using methods 
which are described, e.g., In Harlow and Lane "Antibodies, 
CSH Press, Cold Spring Harbor, 1988. When derivatives 
obtained by the phage display technique, surface plasmon 
In the BiAcore system can be used to increase the efficiency of phage aritibodies 
which bind to an epitope of the conformation-dependent HCV glycoprotein E2 
epitope (Schler, Human Antibodies Hybridomas 7 (1996), 
Immunol. Methods 183 (1995), 7-13). The production oi 



derived from Immuni2ed 



A Laboratory Manual", 
of said antibodies are 
resonance as employed 



described, for example, in WO89/09622. Methods for the flroduction of humanized 
antibodies are described In, e.g., EP-A1 0 239 400 and WO90/07861. A further 
source of antibodies to be utilized In accordance with the present Invention are so- 



called xenogenlc antibodies. The general principle for the 
antibodies such as human antibodies in mice is described 



WO 94/02602, WO 96/34098 and WO 96/33735. As discusjsed above, the antibody 



, 97-105; Malmborg, J. 
chimeric antibodies is 



arodurilon of xenogenic 
in, e.g. ( WO 91/10741, 
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of the invention may exist In a variety of forms besides complete antibodies; 
including, for example, Fv, Fab and F(ab)2, as well as in single chains; see e.g. 
WO88/09344. in case of bispecrflc antibodies where one specificity is directed to an 
HCV E2 glycoprotein epitope and the other preferably to a T ceil antigen such as 



viral epitope has a high 
have been infected with 
other hand, the binding 



CD3, it Is advantageous if the binding site recognizing the 
affinity in order to capture the virus or target ceils which 
HCV and can be destroyed with high efficiency. On the 
affinity of the binding site recognizing, e.g., a T cell should be in the order of those of 
the natural T cell receptor/ligand interaction or of tha usually found for the 
interaction of the T-celi costimuiatory molecules with their receptor. 

The antibodies of the present Invention or their corresDonding immunoglobulin 
chaln(s) can be further modified using conventional techniques known in the art, for 
example, by using amino acid deletion(s), insertion(s), substitutlon(s), addition(s), 
and/or recombination(s) and/or any other modification(s) known In the art either 
alone or in combination. Methods for introducing such modifications In the DNA 
sequence underlying the amino acid sequence of an immunoglobulin chain are well 
known to the person skilled In the art; see, e.g., Sambrcok, Molecular Cloning A 
Laboratory Manual, Cold Spring Harbor Laboratory (1989) M.Y. 



Invention comprises trvc 



In a particularly preferred embodiment, the antibody of th€ i 
amino acid sequence of the V H and/or V L region as dapltfed in Figures 5 and 6, 
respectively. 



In a further embodiment, the present invention relates to 
thereof which is recognized by an antibody of the Inventlor 



an antigen or an epitope 
Said antigen or epitope 



may be glycosylated, unglycosyiated or partially deglycosyiated. As discussed herein 



feature novel antigens, 



and explained In the examples, the present invention 
recognized by the aforedescribed antibodies. For the Idartlficatlon and isolation of 
antigen and epitopes of the invention, e.g., cDNA libraries can be screened by 
injecting various cDNAs into oocytes, allowing sufficient time for expression of the 
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cDNA gene products to occur, and testing for the present© of the desired cDNA 
expression product, for example, by using the antibody of the invention. 
Alternatively, a cDNA expression library in E. coli can be screened indirectly for 
peptides having at least one epitope of the invention jsing antibodies of the 
invention (Chang and Gottlieb, J. Neurosci., 8:2123, 1988). After having revealed the 
structure of such antigens the rational design of binding jartnen* and/or domains 
may be possible. For example, folding simulations and computer redesign of 
structural motifs can be performed using appropriate computer programs (Olszewski, 
Proteins 25 (1996), 286-299; Hoffman, Comput. Appl. BioncL 11 (1995), 675-679). 
Furthermore, computers can be used for the conformational and energetic analysis 
of detailed protein models (Monge, J. Mol. Biol. 247 (1995)J 
Exp. Med, Biol. 376 (1995), 37-45). 



In another embodiment the present invention relates to a polynucleotide encoding at 



least a variable region of an immunoglobulin chain of any 
antibodies of the invention. One form of Immunoglobul 
structural unit of an antibody. This form Is a tetramer and 
pairs of Immunoglobulin chains, each pair having one light 
each pair, the light and heavy chain variable regions 



995-1012; Renouf, Adv. 



of the before described 
n constitutes the basic 
consists of two Identical 
and one heavy chain, in 
\r domains are together 



T 

responsible for binding to an antigen, and the constant reaions are responsible for 
thB antibody effector functions. In addition to antibodies, immunoglobulins may exist 
in a variety of other forms (including less than folMength that retain the desired 



as well as single chain 



activities), including, for example, Fv, Fab, and F(ab*)2, 
antibodies (e.g., Huston, Proa Nat. Acad. Scl. USA 85 (1988) ,6879-5883 and Bird, 
Science 242(1988), 423-426); see also supra. An Immunoglobulin light or heavy 
chain variable domain consists of a "framework" regfon Interrupted by three 
hypervariable regions, also called CDR's; sea supra. 
The antibodies of the present invention can be produced by expressing recombinant 
DNA segments encoding the heavy and light Immunoglobulin chain(s) of the 
antibody invention either alone or In combination. 
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The polynucleotide of the invention encoding the above described antibody may be, 
e.g., DNA, cDNA, RNA or synthetically produced DNA or RNA or a recombinantly 
produced chimeric nucleic acid molecule comprising any of those polynucleotides 
either alone or in combination. Preferably said polynucleotide Is part of a vector, 
Such vectors may comprise further genes guch as marker genes which allow for the 
selection of said vector in ^a suitable host cell and unier suitable conditions. 
Preferably, the polynucleotide of the Invention is operatively linked to expression 
control sequences allowing expression In prokaryotlc or eu 
of said polynucleotide comprises transcription of the 



aryotlc cells. Expression 
polynucleotide Into a 

£ translatable mRNA. Regulatory elements ensuring expression In eukaryotic cells. 



preferably mammalian cells, are well known to those skillec 



comprise regulatory sequences ensuring initiation of transcription and optionally 



poly-A signals ensuring termination of transcription and stab 
Additional regulatory elements may include transcriptional 



In the art. They usually 



lization of the transcript, 
as well as translations! 



enhancers, and/or naturally-associated or heterologous promoter regions. In this 



that the polynucleotides 



respect, the person skilled in the art will readily appreciate 
encoding at least the variable domain of the light and/or hiavy chain may encode 
the variable domains of both immunoglobulin chains or only one. Likewise, said 
polynucleotides may be under the control of the samfii promoter or may be 
separately controlled for expression. Possible reguiatoiy elements permitting 
expression In prokaryotlc host cells comprise, e.g., the PL, lac, trp or tac promoter in 
E. coli t and examples for regulatory elements permitting expression in eukaryotic 



e CMV-, SV40- , RSV- 



host cells are the AOX1 or GAL1 promoter in yeast or the 
promoter (Rous sarcoma virus), CMV-enhancer, SV40-enhaicer or a globin intron In 
mammalian and other animal cells. Beside elements which are responsible for the 
initiation of transcription such regulatory elements may also comprise transcription 
termination signals, such as the SV40-poly-A site or the tkooly-A site, downstream 
of the polynucleotide. Furthermore, depending on the expression system used 



cellular compartment or 



leader sequences capable of directing the polypeptide to a 
secreting it into the medium may be added to the coding sequence of the 
polynucleotide of the invention and are well known l|t the art The leader 
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sequence(s) Is (are) assembled in appropriate phage with translation, initiation and 
termination sequences, and preferably, a leader sequence capable of directing 
secretion of translated protein, or a portion thereof, into the periplasms space or 
extracellular medium. Optionally, the heterologous sequent can encode a fusion 
protein including an C- or N-tarmlnal Identification peptide imparting desired 
characteristics, e.g., stabilization or simplified purification of expressed recombinant 
product. In this context, suitable expression vectors are known in the art such as 
Okayama-Berg cDNA expression vector pcDV1 (PharmaL), pCDM8 f pRc/CMV, 
pcDNAI , pcDMA3 (In-vitrogene), or pSPORTI (GIBCO BRlI 
Preferably, the expression control sequences will be eukarybtic promoter systems in 
vectora capable of transforming or transfeding eukaryotic host cells, but control 
sequences for prokaryotic hosts may also be used. Ont* the vector has been 
incorporated into the appropriate host, the host is maintained under conditions 
suitable for high levei expression of the .nucleotide sequences, and, as desired, the 
collection and purification of the Immunoglobulin light chains, heavy chains, 
light/heavy chain dimere or intact antibodies, binding fragments or other 
immunoglobulin forms may follow; see, Beychok, Cells of Immunoglobulin Synthesis, 
Academic Press, N.Y., (1979); see aiso,e.g t| the appended examples. 



be used alone or as part 



As described above, the polynucleotide of the Invention can ! 
of a vector to express the (poly)peptide of the invention in ce Is, for, e.g., gene therapy 
or diagnostics of diseases related to HCV infection. The polynucleotides or vectora of 
the invention are introduced into the cells which In turn prcduce the antibody. Gene 
therapy, which is based on introducing therapeutic genes Into ceils by ex-vivo or In- 
vivo techniques is one of the most Important applications of gene transfer. Suitable 



vectora and methods for in-vitro or in-vivo gene therapy are 



described in the literature 



and are known to the peraon skilled In the art; see, e.g., Giordano, Nature Medicine 2 



Anderson, Science 256 



(1996), 534-539; Schaper, Circ. Res. 79 (1996), 911-919 
(1992), 808-813; Isner, Lancet 348 (1996), 370-374; Muhlhauser, Circ. Res. 77 (1995), 
1077-1086; Wang, Nature Medicine 2 (1996), 714-716; W094/29469; WO 97/00957 
or Schaper, Current Opinion in Biotechnology 7 (1996), 635-640, and references cited 



FrotnlVossius & Partner 



+49 89 41304 111 26/05/2004 16:05 #008 P. 018/059 



13 



therein. The polynucleotides and vectors of the invention may be designed for direct 
Introduction or for Introduction via liposomes, or viral vectore (e.g. adenoviral, 
retroviral) Into the call. Preferably, said cell is a germ line cell, embryonic call, or egg 
cell or derived therefrom, most preferably said cell Is a stem call. 

Furthermore, the present invention relates to vectors, particularly plasmids, cosmids, 
viruses and bacteriophages used conventionally In genetic engineering that comprise 
a polynucleotide encoding a variable domain of an imm jnoglobulln chain of an 



a polynucleotide of the 



antibody of the invention; optionally in combination with 
Invention that encodes the variable domain of the other IrrJiunoglobulin chain of the 
antibody of the Invention. Preferably, said vector Is an expres Jion vector and/or a gene 
transfer or targeting vector. Expression vectors derived from viruses such as 
retroviruses, vaccinia virus, adeno-assoclated virus, herpes viruses, or bovine 
papilloma virus, may be used for delivery of the polynucleotides or vector of the 
invention Into targeted cell population. Methods which are wall known to those skilled 
In the art can be used to construct recombinant viral vectore; see, for example, the 
techniques described In Sambrook. Molecular Cloning A Laboratory Manual, Cold 
Spring Harbor Laboratory (1989) N.Y. and Ausubel, Current Protocols In Molecular 
Biology, Green Publishing Associates and Wiley Intirscience, N.Y. (1989). 
Alternatively, the polynucleotides and vectors of the inventlor 
liposomes for delivery to target cells. The vectors containing 
Invention (e.g., the heavy and/or light variable 1 domaln(s) of the Immunoglobulin chains 
encoding sequences and expression control sequences) ct.n be transferred into the 
host cell by well-known methods, which vary depending on the type of cellular host 
For example, calcium chloride transfedion Is commonly utilized for prokaryotic cells, 
whereas calcium phosphate treatment or electreporation may be used for other cellular 
hosts; see Sambrook, supra. 

The present Invention furthermore relates to host cells transformed with a 
polynucleotide or vector of the Invention, Said host cell ray be a prokaryotic or 
eukaryotic cell. The polynucleotide or vector of the Invention which Is present in the 



can be reconstituted into 
he polynucleotides of the 
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host cell may either be integrated into the genome of (M host cell or it may be 
maintained extrachromosomally. 

The host cell can be any prokaryotic or eukafyotic cell, suih as a bacterial, insect, 
fungal, plant, animal or human cell. Preferred fungal cells a e, for example, those of 
the genus Saccharomyces, in particular those of the species S. cerevlslae. The term 
"prokaryotic" is meant to Include all bacteria which can be trjmsformed or transfected 
with a-DNA or RNA molecules for the expression of an antibody of the invention or 
the corresponding immunoglobulin chains. Prokaryotic hbsts may include gram 
negative as well as gram positive bacteria such as, fjr example, E. coil, s. 
typhlmurium, Senatia marcescens and Bacillus subtiiis. The term "eukaryotic" is 
meant to Include yeast, higher plant, insect and preferably mammalian cells. 
Depending upon the host employed in a recombinant production procedure, the 
antibodies or Immunoglobulin chains encoded by the polynucleotide of the present 
invention may be glycosylated or may be non-glycosylatad. Antibodies of the 
invention or the corresponding immunoglobulin chains rmiy also Include an initial 
methionine amino acid residue. A polynucleotide of the invention can be used to 
transform or transfect the host using any of the techniques commonly known to 
those of ordinary skill In the art. Furthermore, methods for preparing fused, operably 
linked genes and expressing them in, e.g., mammalian cells and bacteria are well- 
known In the art (Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring 



genetic constructs and 
of the antibody of the 



Harbor Laboratory, Cold Spring Harbor, NY, 1989). The 
methods described therein can be utilized for expression 
invention or the corresponding immunoglobulin chains in sukaryotic or prokaryotic 
hosts, !n general, expression vectors containing promoter sequences which facilitate 
the efficient transcription of the inserted polynucleotide are used in connection with 
the host. The expression vector typically contains an origin of replication, a promoter, 
and a terminator, as well as specific genes which aire capable of providing 
phenotypic selection of the transformed ceils. Furthermore, transgenic animals, 
preferably mammals, comprising cells of the invention may be used for the large 
scale production of the (poly)peptide of the Invention 
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Thus, in a further embodiment, the present invention relays to a method for the 
production of an antibody capable of recognizing a conformation-dependent epitope 
of Hepatitis C Virus "glycoprotein E2 or . a functional fragment or immunglobulin 
chain(s) thereof comprising 

(a) culturing the cell of the invention; and 

(b) isolating said antibody or functional fragment or Immunoglobulin chain(s) 
th ereof fro m th e cu Iture , 

The transformed hosts can be grown In fermentors and cultured according to 
0 techniques known In the art to achieve optimal cell growh Once expressed, the 
whole antibodies, their dimers, individual light and Heavy chains, or other 
immunoglobulin forms of the present Invention, can be purifild according to standard 
procedures of the art, Including ammonium sulfate preciRitatlon, affinity columns, 
column chromatography, gel electrophoresis and the like'; sea, Scopes, "Protein 
Purification', Springer-Veriag, N.Y. (1982). The antibody or its corresponding 
immunoglobulin chain(s) of the invention can then be isolated from the growth 
medium, cellular lysates, or cellular membrane fractions. The isolation and 
purification of the, e.g., microbially expressed antibodies or Immunoglobulin chains 
of the Invention may be by any conventional means such as, for example, 
0 preparative chromatographic separations and immunological separations such as 
those involving the use of monoclonal or polyclonal antibod es directed, e.g., agains; 
the constant region of the antibody of the invention. It will be apparent to those 



further coupled to other 
Such coupling may be 



skilled in the art that the antibodies of the invention can b* i 
moieties for, e.g., drug targeting and imaging applications, 
conducted chemically after expression of the antibody or antigen to site of 
attachment or the coupling product may be engineered into the antibody or antigen 
of the invention at the DNA level. The DNAs are then expressed in a suitable host 
system, and the expressed proteins are collected and renat jred, if necessary. 

Substantially pure immunoglobulins of at least about 90 :o 95% homogeneity are 
preferred, and 98 to 99% or more homogeneity most preferred, for pharmaceutical 
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uses. Once purified, partially or to homogeneity as desired, 
be used therapeutically (including extracorporeal^) or in 
assay procedures. 



the antibodies may then 
developing and performing 



The present invention also involves a method for procuring cells capable of 
expressing an antibody of the Invention or its corresponding immunoglobulin chain(s) 
comprising genetically engineering cells with the polynucleotide or with the vector of 



/ention can be used, for 



the invention. The calls obtainable by the method of the inl 
example, to test the Interaction of the antibody of the invention with its antigen. 
Furthermore, the invention relates to an antibody of the invention or fragment thereof 
encoded by a polynucleotide according to the invention or obtainable by the above- 
described methods or from cells produced by the method described above. The 
antibodies of the present invention will typically find use Individually in treating 
substantially any disease susceptible to monoclonal antibody-based therapy. In 
particular, the immunoglobulins can be used for passive immunization or the removal 
of HCV or unwanted cells or antigens, such as by compliment mediated lysis, all 
without substantial immune reactions (e.g., anaphylactic 
many prior antibodies. For an antibody of the invention, 
suitable for treatment include chronic HCV infection. 



shock) associated with 
, typical disease states 



The antibodies, antigens and epitopes of the invention can be used therapeutically 
in, e.g., patients suffering from HCV Infection. Such theraay can be accomplished 
by, for example, the administration of antibodies, antigens or epitopes of the. 
invention. Such administration can utilize unlabeled as we|| as labeled antibodies or 
antigens. For example, when unlabeled the antigen 
advantageously, it would be In a form wherein, for example, the antigens are In 
fragments which are too small to stimulate an immune response, but large enough to 
bind, or block, the docking of HCV via E2 glycoprotein onto [he target cells. 



Alternatively, the antibodies, antigens and epitopes of 
administered labeled with a therapeutic agent. These agerits 



the invention could be 
can be coupled either 
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directly or Indirectly to the antibodies or antigens of the indention, One example of 
indirect coupling is by use of a spacer moiety. Furthermore, the antibodies of the 
present invention can comprise a further domain, said domain being linked by 
covalent or non-covalent bonds. The linkage can be based on genetic fusion 
according to the methods known in the art and described ab ave or can be performed 
by, e.g., chemical cross-linking as described ln ( e.g., WO £4/04688. The additional 
domain present in the fusion protein comprising the sntibjdy of the invention may 
preferably be linked by a flexible linker, advantageously a polypeptide linker, wherein 
said polypeptide linker comprises plural, hydrophilic, peptidenbonded amino acids of 
a length sufficient to span the distance between the Otenninal end of said further 
domain and the N-terminal end of the antibody of the invention or vice versa. The 
above described fusion protein mHy further comprise a clervable linker or cleavage 
site for proteinases. These spacer moieties, In turn, can be either insoluble or 
soluble (Diener, et al., Science, 231:148, 1986) and can be selected to enable drug 
release from the antigen at the target site. Examples of therapeutic agents which can 
be coupled to the antibodies, antigens and epitopes of the invention for 
immunotherapy are drugs, radioisotopes, lectins, and toxin's. The drugs with which 



of the invention include 
such as mitomycin C, 

epitopes of the Invention 
preferable than others 
as stability and emission. 



can be conjugated to the antibodies, antigens and epitope; 
compounds which are classically referred to as drugs 
daunorubicin, and vinblastine. 

in using radioisotoplcally conjugated antibodies, antigens or 
for, e.g., Immunotherapy, certain Isotopes* may be mora 
depending on such factors as leukocyte distribution as well 
Depending on the autoimmune response, some emitteri may be preferable to 
others. In general, a and p partlcJe-emlfflng radioisotopes are preferred In 
immunotherapy. Preferred are short range, high energy a emitters such as * 2 BI 
Examples of radioisotopes which can be bound to the 
epitopes of the Invention for therapeutic purposes are m [, 
21, Pb, 4T Sc, 1N Pd and 1M Re. Other therapeutic agents which can be coupled to the 
antibody, antigen or epitope of the invention, as well as ex vivo and In vivo 
therapeutic protocols, are known, or can be; easily ascertained, by those of ordinary 



antibodies, antigens or 
1M 1, "Y, "Cu, a,2 Bi, * 2 At, 
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In the art may use a 



skill in the art. Wherever appropriate the person skilled 
polynucleotide of the invention encoding any one of the above described antibodies, 
antigens or epitopes or the corresponding vectors instead of the proteinaeous 
material itself. 



may further comprise a 
pharmaceutical carriers 
saline solutions, water, 



Moreover, the present invention relates to pharmaceutical compositions comprising the 
aforementioned antibody, antigen or epitope, polynucleotide, vector or cell of the 
invention. 

The pharmaceutical composition of the present Invention 
pharmaceutical^ acceptable earner. Examples of suitable 
are well known in the art and include phosphate buffered 
emulsions, such as oil/water emulsions, various types of wetting agents, sterile 
solutions etc. Compositions comprising such carriers can be formulated by well 
known conventional methods. These pharmaceutical compositions can be 
administered to the subject at a suitable dose. Administration of the suitable 
compositions may be effected by different ways, e.g., by intravenous, intraperitoneal, 
subcutaneous, intramuscular, topical or intradermal administration. The dosage 
regimen will be determined by the attending physician and clinical factors. As fs well 
known In the medical arts, dosages for any one patient depends upon many factors, 
including the patient's size, body surface area, age, the particular compound to be 
administered, sex, time and route of administration, general health, and other drugs 
being administered concurrently. A typical dose can be, for example, in the range of 
0.001 to 1000 M9 (or of nucleic acid for expression or for inhibition of expression In 
this range); however, doses below or above this exemplay range are envisioned, 
especially considering the aforementioned factors. Generally, the regimen as a 
regular administration of the pharmaceutical composition srould be In the range of 1 
Mg to 10 mg units per day. If the regimen is a continuous inf jslon, it should also be In 
the range of 1 pg to 10 mg units per kilogram of bxly weight per minute, 
respectively. Progress can be monitored by periodic assessment. Dosages will vary 
but a preferred dosage for intravenous administration of DNA is from approximately 
10° to 10 1Z copies of the DNA molecule; The compositional of the invention may be 
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administered locally or systemlcaily. Administration will generally be parenteral^, 
e.g., Intravenously; DNA may also be administered directly to the target site, e.g., by 
biollstic delivery to an internal or external target site or by catheter to a site in an 
artery. Preparations for parenteral administration Include sterile aqueous or 
nonaqueous solutions, suspensions, and emulsions. Examples of non-aqueous 
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, 
and injectable organic esters such as eihyPoleate. AqueoJs carriers Include water, 



Including saline and 



alcoholic/aqueous solutions, emulsions or suspensions 
buffered media. Parenteral vehicles Include sodium chbride solution, Ringer's 
dextrose, dextrose and sodium chloride, lactatBd Ringer's, or fixed oils. Intravenous 
vehicles include fluid and nutrient replenishes, electrolyte replenishers (such as 
those based on Ringer's dextrose), and the like, Preservatives and other additives 
may also be present such as, for example, antimicrobials antioxidants, chelating 
agents, and inert gases and the like. Furthermore, the pharmaceutical composition 
of the Invention may comprise further agents such as irterleuklns or interferons 
depending on the intended use of the pharmaceutical composition. For example, the 
pharmaceutical compositions of the Invention, as dessrlbed above, may be 
administered in combination with other anti viral agents. S jch agents may include, 
as a non limiting example, interferons, other anti HCV Monoclonal or polyclonal 
antibodies, nucleoside analogs, inhibitors of DNA polymerase, and agents as 
described in Example 8. In the case of such a combination therapy the antibodies 
may be given simultaneously with the anti viral agent or sequentially either before or 
after treatment with the anti viral agent. Such pharmaceutical compositions may also 
be used, for example, for Immunization of liver transplantation patients to eliminate 
possible recurrent HCV infections In such patients. Furthermore, the pharmaceutical 
composition may be formulated as a vaccine, for examp < 
composition of the Invention comprises an antigen as described above that is 
capable of eliciting an effective immune response against hCV. Advantageously, the 
pharmaceutical composition of the invention is Inteided for use in liver 
transplantation, 
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It is envisaged by the present invention that the various polynucleotides and vectors 
of the invention are administered either alone or in any cor ibination using standard 
vectors and/or gene delivery systems, and optionally together with a 
pharmaceutical^ acceptable carrier or exciplent. Subsequent to administration, said 
polynucleotides or vectors may be stably integrated into thi genome of the subject 
On the other hand, viral vectors may be used which are specific for certain cells or 
tissues and persist in said cells. Suitable pharmaceutical carriers and exclpients are 
well known In the art. The pharmaceutical compositions prepared according to the 
Invention can be used for the prevention or treatment or deliying of HCV infection. 
Furthermore, it Is possible to use a pharmaceutical composition of the invention which 
comprises polynucleotide or vector of the invention in genu therapy. Suitable gene 



delivery systems, naked 



delivery systems may include liposomes, receptor*mediated 
DNA, and viral vectors such as herpes viruses, retroviruses, edenoviruses, and adeno- 
associated viruses, among others; see also supra. Delivery of nucleic acids to a 
specific site In the body for gene therapy may also be accomplished using a blollstlc 
delivery system, such as that described by Williams (Proc. 
(1991), 2726-2729), . 



Natl. Acad. Sci. USA 88 



in a further embodiment the present invention relates to ;a method for preventing 
(re)lnfectlon of Hepatitis C Virus in a subject, comprising the step of administering 
the antibody, polynucleotide or vector of the Invention. Fu rther encompassed is a 
method for alleviating chronic Hepatitis C in a subject, comprising the step of treating 
said subject using the afore-described compounds of the invention combined with a 
pharmaceutical^ acceptable carrier. 



In another embodiment the present Invention relates to 
comprising any one of the above described the antibodies, 
vectors or cells of the Invention and optionally suitable 
antigens and antibodies of the invention are, for 
Immunoassays In which they can be utilized In liquid phase 
carrier. Examples of immunoassays which can utilize the 



a diagnostic composition 
i antigens, polynucleotides, 
neans for detection. The 
example, suited for use in 
:>r bound to a solfd phase 
ar tlgen of the Invention are 
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direct or indirect format. 



t 



oompBtitive and non-competitive Immunoassays in either a 
Examples of such immunoassays are the radioimmunoassay (RIA) ( the sandwich 
(immunometric assay) and the Western blot assay. The antigens and antibodies of the 
Invention can be bound to many different carriers and used to isolate cells specifically 
bound to said polypeptides. Examples of well-known I carriers Include glass, 
polystyrene, polyvinyl chloride, polypropylene, polyethylene polycarbonate, dextran, 
nylon, smyloses, natural and modified celluloses, polyacriarnides, agaroses, and 
magnetite. The nature of the carrier can be either soluble or insoluble for the purposes 
of the invention. 

There are many different labels and methods of labeling known to those of ordinary 
skill in the art. Examples of the types of labels which can 
invention include enzymes, radioisotopes, colloidal metals, 
chemiluminescent compounds, and bioiuffiinescent compounds; see also -the 
embodiments discussed hereinabove. 



be used in the present 
fluorescent compounds, 



may also be used In a 
by obtaining a body fluid 
"nple, a lymph sample or 



By a further embodiment, the antibodies of the invention 
method for the diagnosis of HCV infections in an Individual 
sample from the tested Individual which may be a blood sa 
any other body fluid sample and contacting the body fluid sample with an antibody of 
the invention under conditions enabling the formation of antibody-antigen 
complexes. The level of such complexes is then determined by methods known in 
the art, a level significantly higher than that formed in a control sample Indicating an 
HCV Infection in the tested individual. In the same manner, the specific antigen 
bound by the antibodies of the invention may also be us ad for diagnosis of HCV 
infection in an individual by contacting a body fluid sample c rom the tested individual 
with the antigen aa described above and determining the formation of antigan- 
antibody complex in the sample. Thus, the present invenlion relates to an in vitro 
immunoassay for the presence of Hepatitis C Virus glycoprotein E2, characterized by 
measuring its co-precipitation with the antibody of the invention, preferably under 
non-reducing conditions. Furthermore, the present invention encompasses a method 
for diagnosing chronic Hepatitis C in a subject, characterized in that samples of said 
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Mil 



subject are tested using the antibody of the invention for the presence of 
neutralization of binding of Hepatitis C Virus glycoprotein E2 onto target cells. 
Accordingly, the present invention also involves a neutralization assay for inhibiting 
the binding of Hepatitrts C Virus glycoprotein E2 onto targe^ cells using the antibody 
of the invention. 

The present invention also comprises 'methods of detectlrg the presence of HCV 
antigen in a sample, for example, a cell sample, which comprises obtaining a cell 
sample from a subject, contacting said sample with one of the aforementioned 
antibodies, preferably under non-reducing conditions ptrmftting binding of the 
antibody to the antigen, and detecting the presence of the antibody so bound, for 



radioimmunoassay or 
relates to a method for 



example, using Immuno assay techniques such as 
enzymeimmunoassay. Furthermore, the present invention 
detecting autoantibodies against Hepatitis C Vlnjs In a subject comprising contacting 
a sample from a subject with the antigen of the invertion, and detecting the 
presence of antibodies bound to said antigens. 

In a still further preferred embodiment the present Invention relates to the use of the 
afore-described antibody, antigen, polynucleotide, vector or cell for the preparation 
of a pharmaceutical composition for the treatment or prevention of HCV infection in a 
subject or for the prevention of recurrence of HCV irfectfon. Preferably said 
pharmaceutical composition is designed to be administered 
transplantation. 



prior, during or after liver 



The pharmaceutical compositions, methods and uses of ttfe 
be desirably employed in humans, although animal treatment 
by the methods and uses described herein. 



These and other embodiments are disclosed and 
Examples of the present invention. Further literature concerning 
antibodies, methods, uses and compounds to be employej 



present invention may 
Is also encompassed 



encompassed by the description and 
any one of the 
In accordance with the 
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present invention may be retrieved from public libraries aid databases, using for 
example electronic devices. For example the public database "Medline" may be 
utilized which is available on the Internet, for example under 
http'7/vww.ncbi.nlm.nlh.gov/PubMed/medllne.html. Further databases and addresses 



such 



as 



http://www.ncbi.nIm.nih.gDv/, 



http://www.lnfoblogen.frA 



http^Aww.fmi.ch/biology/research Jools.html, httprf/vww.figilorg/, are known to the 
person skilled in the art and can also be obtained using, e.g,, 
overview of patent information In biotechnology and a survey of relevant sources of 
patent information useful for retrospective searching and for current awareness Is 
given In Berts, TIBTECH 12 (1994), 352-364. 

The above disclosure generally describes the present invention. A more complete 
understanding can be obtained by reference to the following specific examples which 
are provided herein for purposes of illustration only and are not intended to limit the 
scops of the invention. 

The Figures show: 



cells were Infected with 



Figure 1: Indirect immunofluorescence analysis. C\M 

the SVE2 recombinant virus as previously described (Foumillier-Jacob 
et al M 1996) and immunofluorescence analysis performed using 
patients's sera (1; 20 dilution) or supemetants from the HMAbs 
producing cell lines. Staining was performed using goat-anti human IgG 
immune serum coupled with fluoresceine. (A) serum from patient 1; (B) 
serum from patient 2; (C) HMAb 503 ; (D) HMAb 108; (E) serum from a 
patient with chronic hepatitis unrelated to HCy. An additional negative 
control (F) Included CV-1 cells transfected with a SVE1 recombinant 
virus (expressing E1) and stained with the HMAb 503 or 108 (result is 
shown for HMAb 503 only). 



•.HOOCH)- osnuoufe. 
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Figure 2: 
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Figure 4; 



Plasmids used in the epitope mapping studiek (A) Representation of 
the HCV genomic domain coding for the viral nuclsocapsld (C), the 
glycoproteins E1 and E2 and the non-structurjal proteins P 7, NS2 and 



the proteolytic cleavage 



NS3 (Rice at al., 1996). Amino acid position oil 
sites are indicated. (B) Map position and amina acid boundaries of the 
sequences encoded by the different expression plasmids. 



Figure 3: immunoprecipitatlon of E2 and co-predpltatioL of E1 and analysis of 



ion-reducing conditions. 



epitope formation under under reducing and 

Cells coinfacted with vTF7-3 and vHCV1-14fi{8 (vHCV) or with TF7-3 
alone (M) were pulse labeled for 5 mln and ihased for the Indicated 
times (in hours). The E2 glycoprotein was immunoprecipitated with 
HMAbs 108, 503 and mouse MAbs H2 (Deieersnyder et al., 1997) and 
A11 (Dubuiason et al., 1994). Immunoprecipit^tes were analyzed under 
reducing or nonreducing conditions by SDS-PAGE (10% acrylamide), 
Expected position of HCV specific proteins are indicated at the left of 
the figures. 



108 



Percent neutralization of E2 binding by H 
concentrations of anti-E2 HMAbs 503 and 
ability to neutralize binding of purified CHO 
MOLT-4 cells. Neutralization was calculated 
1996) and 50% neutralization titers are Indicated 



;V-E2 HMAbs. Various 
were tested for their 
expressed E2 protein onto 
as described (Rosa et al. r 



Figure 5: Nucleotide and amino acid sequences of the \|ariable nsgion of the light 
chain (V L ) of HMAb 503. 

Figure 6; Nucleotide and amino acid sequences of the variable region of the 
heavy chain (V H ) of HMAb 503. 



I 
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Example 1: Patients' screening and generation of humai 
producing B cells (LCLs) ■• 



monoclonal antibody 



determined by the RIBA 



Two patients were enrolled in the study. HCV infection was 
III assay (Abbott Laboratories). At time of PBMC (peripheral blood mononuclear 
cells) immortalization, both patients had chronic hepatitis as determined by 
histological examination and positive PCR assays, Serum viral loads were 
determined using the bDNA assay version 2.0 (quantiplex HCV RNA Assay, Chiron 
Diagnostics), HCV genotypes were determined using three i different methods. The ^ 
first one was based on the detection of genotype-specific antibodies directed at the 
nonstructural antigen 4 (NS4) and was determined using the MUREX 1-6 serotyplng 
assay according to the manufacturers Instruction (MUREX Diagnostics SA, 
Bhattacherjee et al., 1995). The second one was based on the amplification of viral 
sequences from the 5'non-cading region (NCR) of the genome using genotype/ 



the INNCMJPA assay 
despite detectable HCV 



subtype specific primers and was performed using 
(Innogenetics S.A.). In one of these two patients, patient 1 
RNA by PCR in the serum, serum ALT (alanine amino transferase) levels were and 
remained normal (mild hepatitis). In contrast, ALT ievels remained persistently 
elevated in patient 2 and Infection In this patient was characterized by cirrhosis. 
Generation of HMAbs producing ceil Hnes was performed as previously described 
(Boyer et at., 1991, Desgranges et al., 1988, Selgneurin at al., 1983). Briefly, after 
Ficotl isolation, PBMCs were exposed to EBV culture supernatant (1 ml of B95.8 
strain supernatant with a titer of 10-3 TD50/ ml for 5x108 PBMCs) at room 
temperature, After incubation, they were diluted In medium 
from 50 to 100 x 103 cells per well. After 2 to 4 weeks 



screened for anti-E2 reactivity by the SVE2 CV-1 I FA. Detection of anti-E2 



antibodies has been reported to bB tightly dependent or 
method (Chien et al., 1993, Hsu et al., 1993, Lesniewski et 



not prokaryotic expression of HCV E2 has been shoU to allow for proper 



at concentration ranging 
the Bupematants were 



the antigen production 
al., 1995). Eukaryotic but 
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1993). In our study, we 



processing and glycosylate of the protein (Selby et al., 
used as screening assay for anti*E2 antibodies an eukaryotic expressed E2 antigen 
analyzed under a native form i.e. visualized by an immunofl jorescence assay (I FA). 
Such a detection assay has been previously used by Fol millier-Jacob et al., and 
shown to be particularly efficient for antibody detection ;Foumlllier-Jacob et al. t 
1996). Briefly, a recombinant plasmid, pCWIfi E2, expressing HCV E2 amino acid 
sequence 371 to 746 from the prototype strain H (genotype 1a) was used to 
transfect CV-1 ceils together with a helper SV40 mutant vir js to generate the stock 
of recombinant virus expressing E2 (SVE2, FoumlllierOacot etal., 1996, Wychowski 
et al., 1986). SVE2 virus was used to further hfect CV-1 cells and 
immunofluorescence analysis were performed using sera from infected patients and 



y described (Foumiliier- 
: 7) prior to analysis, 
with 50 x103 Irradiated 



supematants from EBV-immortallzed B cells as previous 
Jacob et al., 1996). Cells were fixed In methanol: acetone (3 
LCLs were further subcloned twice at 2 to 20 cells per we 
(2,500 rads) allogenic PBMCs. Two persistently positive cloies derived from the two 
pa ti ants were obtained. 

Table 1 summarizes characteristics of the two patients and of the two lymphoid B- 
cell lines producing HMAbs, designated 503 and 108. Analysis of culture 
supematants from. the two clones revealed that both clones secreted lgG1 only. 
Supematants from each clone were tested by IFA on CV-1 cells infected with the ^ 
recombinant SVE2 virus and staining was revealed using specific secondary 9 



antibodies for human IgM, IgG or IgA (Byosls), lgG1, 
subclasses (Sigma Immuno Chemical Co.) and for X and k 



lgG2, IgG3 and lgG4 
ght chains (Dakopatts). 
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lion of supernatant 



A protein A (Pharmacia) column was used for affinity purificati 
producing HMabs. The determination of antibody concentrat on in culture 
supernatants was performed by ELISA as previously described (Boyer et ah, 1991), 
LCLs produced 2 to 5 ng of Ah/ml of conventional culture medium. Genotyping of 
patient 1 and 2 infecting viruses was at time of PBMC immortalization and on two 
times within the past two years prior to the immortalization using two different 
assaya. Both assays gave concordant results and indicated that patient 1 was 
Infected by a genotype 4 isolate while patient 2 was Infected by a genotype 1b 
isolate. As commercially available HCV genotyping assays nay be lacking specificity 
and In order to exclude the possibility of dual infection, we further confirmed the 
above results by the analysis of PCR^erived sequences mapping within tha 5'non- 
coding region of the HCV genome. Nucleotide sequences derived from cloned 
quasispecies was compared to published databases (Bufii et al., 1992) and the 
results confirmed those obtained with the commercial genotyping assays i.e. that 
both patients were infected with a single viral type. Figure 1 illustrates the staining of 
SVE2 infected CV-1 cells observed in the 1FA using the p£ fonts' sera {A and B) or 
the purified monoclonal antibodies (C and D). The reactifrty was localized in the 
cytoplasm with a predominant perinuclear distribution. 

Example 2: Immunological characteristics of the HMabJ 

Different approaches were used to characterize the inmune reactivity of the 
produced antibodies. Western blot analysis using denaturing conditions and protein 
preparations containing subtype 1a or 1b derived E2 protens (Nakano et al., 1997) 
were performed using the original patients'sere, supernatants from the LCLs as well 



icuiovinj3 expressed E2 



as purified antibodies. For Western blotting analysis, b< 
proteins from a genotype 1a and 1b sequence were used as previously described 
(Nakano et aL, 1997). Patients' sera (1:50), supernatants frim the two clones as well 
as purified HMabs (tested at a concentration as. high ajs 10 ^ig/ml) were used. 
Epitope mapping using patient's sera as well as purified Jntibodies was performed 
using a panoply of synthetic peptides covering the entire 52 open reading frame as 
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previously described (Courtesy A.M. Prince, Wang et a. 
peptides were mostly 12-mer with 6 aa overlap between successive peptides, 
corresponding to the sequences of HC\AH strain (genotype 1a) E2 protein. There 
were a total of 57 peptides for E2 (fla 384-727), all of wh < 
AnaSpec. 

While sera of both HCV infected patients reacted with the E2 1a and 1b derived 
proteins, none of the culture supematants or purified HMAbs gave a positive signal, 
even when tested at concentrations as high as 10 jig/ml. |to reactivity could either 
be observed when culture supematants or purified antibodies were tested In a 
peptide scanning ELISA using a panel of synthetic peptides covering a E2 1a 
sequence. 

As the above observations suggested that the recognized 
non-linear nature, immune reactivity of the different samples was analyzed in IF 
essays. Cells were transfected with a panoply of plasmlds expressing different 
domains of E2 (see Figure 2) In order to try and identiy restricted determinant 
sequences The two HMabs obtained were evaluated for ©activity by I FA on LTK 
cells transfected by a panoply of vectors expressing truncated domains of the E2 



determinants may be of 



jnder the CMV promoter 



protein (see Figure 2). E2 sequences were cloned directly 
of the pcDNA3 plasmid (Promega) for plasmlds pCiE2 and pCIE2t or expressed as 
fusion proteins with the hepatitis B virus surface antigens for plssmids pS2S.E2A-E 



;Sambrook et al., 1988, 
using Qiagen purification 



using standard techniques and as previously described 
Nakano et al., 1997), All DNA preparations were generated 
columns (Qiagen) according to the manufacturer's instr actions. LTK cells were 
transfected using 1.0 fig of DNA in presence of Lipofectimine (Glbco BRL). The 
Immune-reactfvlty of cell suparnatant9 and of purified HMAbs were tested by 1FA at 
48 hours post infection as previously described (Major et al., 1995). Positive control 
included the use of a reactive hyperimmune serum genera' 
by the direct injection of the plasmid pC!E2t (Nakano et al., 
included the use of uninfected LTK ceils as well as C 



T 

recombinant SV40 virus expressing E1 (Foumlllier-Jacob ef al., 1996} 



ed from mice immunized 
1997). Negative controls 
■1 cells Infected with a 



lSOOCMO:<£1 Mtt3l»K3> 
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Results of the IF studies are summarized in Table 2. Serum of patient 1 recognized 



multiple determinants mapping within the sequences exp 



tressed from various E2- 
expressing plasmids. In contrast, the HMAb 503 derived from this patient recognized 
only the near fuil-length expressed form of E2 (encoded by plasmld P ClE2t) but none 
of the smaller expressed forms of the antigen. For patiant 2, the serum as well as the 
derived 108 antibody reacted only against the largest expressed form of E2. Thus, 
using this approach It was not possible to identify restricted determinant sequences 
recognized by either of the purified antibodies. 
Ail the above experiments involved a subtype 1a derived antigen. It was evaluated 
the capacity of the purified monoclonal antibodies to f 
subtype 1b derived E2 as a way to evaluate their cross-rea 
of the HMAbs was tested by immunoprecipitation using cells Infected with a 
recombinant Sindbis vims. Sinrep/HCV-BK1-1207, express! ig such an antigen. Both 
antibodies were capable of recognizing the antigen as shovn by the observation of 
strong, specific signals. 

Taken together with the above results, these data sugg est that the HMAbs are 
capable to recognize determinants specific of at least two different E2 subtype (1a 
and 1b) derived antigens. In addition, they strongly suggest that the antibodies are 
likely to recognize conformation-dependent determinants 



i addition, recognize a 
:tlve potential. Reactivity 



and by IFA on LTK cells 



Example 3: Immunopreclpatlon studies 

The absence of reactivity of the HMAbs in western blotting 
transfected by a panel of vectors expressing different truncated parts of E2 suggests 
that the Abs recognize conformation-dependent epitope(s). Therefore, it was further 
evaluated the recognition of E2 by the HMAbs in pulse chase experiments, in 
addition as previous reports have suggested that E1 and E2 interact to form 
complexes which have been proposed to be functional subunrts Incorporated in the 
virion particles (Deleersnyder et a!., 1997), the ability of the HMAbs to recognize 
such complexes was also evaluated, These E1E2 complexes are noncovalently 
associated or stabilized by intramolecular disulfide bonds forming E1E2 aggregates. 
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Covalently associated E1E2 complexes have also been 



believed to be part of the functional subunits of the viral particles (Dubuisson et al., 



1994, Grakaoui et a!„ 1993, Ralston et a! M 1993). For the 



reported that are not 



purpose of the present 
"hese Included: 1) a 



DNA-dependent RNA 



invention, different recombinant viruses were used. * 
recombinant vaccinia virus vTF7.3 expressing the T7 
polymerase (Fuarst et al., 19B6). 2) a panoply of recombinant vaccinia viruses 
expressing HCV-H amino acid sequences, vHCV 170-809, vHCV 371-609, vHCV 1- 
1488 and vHCV 370-661 (Grakoui et al.. 1993, Michalak et al., 1997, Foumillier- 
Jacob et el, 1998, Major et al., 1995) and 3) a recambinant Sindbis virus 



3f a genotype lb strain, 



(SInrep/HCV-BK1-1207) expressing the stxuctural proteins 
the BK strain (Dubuisson et al., 1994). Viral stocks wkre generated in CV-1 
monolayers (for the vaccinia viruses) or in BHK-21 cells (l or the Sindbis virus) as 
described (Dubuisson et al., 1994, Bredenbdeeck et a( M 1£ 93), Cells were infected 
and metabollcally labeled with 35S-translabel (ICN) ak previously described 
(Dubuisson et al., 1994, Dubuisson and Rice, 1996). Ceils were lysed with 0.5% IMP- 
40 In 10 mM Tris-HCI (ph 7.5), 150 mM NaCI, and 2 nM EDTA. Twenty mM 
iodoacetamide was included In the lysis buffer for experiments in which disulfide 



carried out as described 



bond formation was assayed. Immunopracipitations were 
(Dubuisson et al., 1994, Dubuisson and Rice, 1996). For Quantitative experiments, 
autoradiographs were analyzed by densitometry. 



proteins recognized by 



3.1 The HMAbs recognize an eariv folded domain g f E 

Immunoprecipitations were performed to characterize the 
these HMAbs (Figure 3). Murine antl-E2 MAbs directed at oonforrnation-independent 
(MAb A11 j or conformation-dependent (MAb H2) epitopes were used for comparison 
(Dubuisson et al., 1994, Deleersnyder et al., 1997). Unjder reducing conditions, 
HMAbs 108 and 503 did not precipitate the E2 protein durhg the pulse, but after 30 
min of chase a band corresponding to E2 started to be detected with an Increased 
Intensity after 60 min (Figure 3, Reducing HMAbs 108 anc 503). This Is In contrast 
with results obtained using the murine MAb A11 directed at a conformatlon- 
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independent epitope (Figure 3, Reducing, MAb A11). As previously observed with 
this latter antibody, heterogeneous E2 related products ware detected during the 
pulse probably as a consequence of a translation^ pause di ring the synthesis of the 
NS2 region in the E2-NS2 precursor (Dubuisson et a!., 1996). For the Mab A1 1, the 
intensity of the E2-NS2 precursor precipitated was very high after 30 min of chase 
and decreased with time whereas it was low and rather constant for the E2-NS2 
protein precipitated by the HMAbs 108 and 603. indicating that E2 was mainly 
precipitated by the Abs after its cleavage from the E2-NS2 precursor, Comparison 
with immunoprecipitation performed with the conformati independent MAb H2 
indicated a greater delay in the detection of E2 (Figure 3, Re ducing, Mab H2). These 
observations indicate that indeed the HMAbs recognize a conformatlondependent 
domain of E2 which appears early during the maturation process of the E2 protein. 
The estimated half-time of epitope formation for both HMfbs was around 15 min 
(data not shown). 

3 -2 The H MAbP can Precipitate nonenvflli>r|t E1E2 cnmpli *^ 



Additional pulse chase experiments were performed under 



non-reducing conditions 



and compared with those performed under reducing conditions (Figure 3). While 
under reducing conditions, both HMAbs coprecipitated E1 indicating that they 
recognize E1 and E2 complexes, when immunoprecipltatioils were performed under 
non-reducing conditions which prevent the disulfide bonds stabilizing E1E2 
complexes, slow migrating bands were also detected on the top of the gels. These 
latter observation suggests that the E1E2 complexes precipitated consisted of 
noncovalently associated heterodimers and v heterogeneous linked aggregates. As 
previously observed, for Mab H2 which has been shown capable to recognize a 
native form of E2, only bands corresponding to E1 and E2 /vere detacted on the gel 
in that case (Figure 3, non-reducing, H2, Deleerenyder et al. f 1997). Under non- 
reducing conditions, the coprecipitation of the E1 monomark form with HMAb 108 



was poorer, with a specific band detected only after a 



compared with HMAb 503. Thus, both HMAbs recognize ddrnaln(s) of the E2 protein 



long exposure time as 



torn 
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that appear folded early and would stay accessible as thi protein adopts its final 
conformation as suggested by the copreciprtation of noncov alently associated E1E2 
complexes. 

All together, the above data indicate that both HMAbs 108 and 503 recognize a 
conformation-dependent determinant (or determinants) and 
E2 noncovalentiy associated complexes which are believed to exist on the virion 
particle. 



Example 4: Neutralization of E2 binding onto cells 

The assay recentiy developed by Rosa et al., (Rosa et al., )q96) allows to evaluate, 



to neutralize the binding 
cells susceptible to HCV 



in a quantitative fashion, the ability of candidate antibodies 
of highly purified E2 (neutralizing of binding or NOB) onto 
infection. Both HMAbs were evaluated in this assay. The ability of the HMAbs was 
assessed to neutralize the binding (Neutralization of Bindind or NOB) of E2 to MOLT 
4 ceils in the assay recently developed by Rosa et al. (Rose et al., 1996). The assay 
was run in 96 U-bottom microplates. Briefly, twenty jil of recombinant CHO E2 3W _ 716 
proteins at 0,5 \xg!m\ was mixed with various dilution of antf-E2 HMAbs and control 
HMAbs (Rosa et al. f 1996, Boyer et al.< 1991). After incut ation at 4°Q foM h, the 
mixture was added to MOLT-4 cells (105 cells per well). jfter washing, cells were 
subsequently incubated with 1/100 dilution of human serum with antI-E2 
immunoglobulins which recognizes E2 bound to target cells. Cells were washed and 
incubated with fiuoresceine isothiocianate-conjugatetl antiserum to IgG. 
Fluorescence was analyzed with a FACScan flow cytometur. Specific neutralization 
was calculated as follow: ((positive control MFI - experimental MFI ) / (positive 
control MFI - negative control MFI)) x 100 where (MFI) = me an fluorescence Intensity 
of the ceil population which directly relates to the surface density of fluorescentiy 



labeled HCV proteins bound to the cells. MFI values o1 
without HCV proteins and with the HCV HMabs or HCV 



immune sera (Rosa et al., 1996) are compared. The threshold of posltlvity Is set for 



each experiment by flow cytometric analysis of ceils without 



cells incubated with or 
■negative HMabs or pre- 



HCV proteins bound that 
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0. 4 M phosphate buffer 
ml at4*Cfbr2hrs and 
the NOB activity was 



have been Incubated with antisera to HCV proteini and the fluorescein 
isothiocyanate-labeled second antibody. For competition binjjlng analysis, antibodies 
were biotinylated as followed: 1 mg / ml of the antibodies in 
were incubated with N-N- dimethylformamlde blotin at 2 mg 
diafyzed extensively against PBS overnight. Testing of 
performed using both antibodies, the competitor labeled an' f body being used at 2.5 
^g/mi. 

Percent neutralization obtained at different concentrations of the antibodies are 
shown In Figure 4. The results indicate that the HMAb 503 displayed NOB activity 
£f and that fifty percent neutralization of binding was achieved at a concentration of 
0.03 (ig/ml. No NOB activity could be detected for HMAb 108 at any of the 



s of NOB activity is the 
hat the producing clone 



concentration tested. Hence, the HMAb 503 that is capably 
first such antibody described to date, Interestingly, the fact 
(503) was derived from a genotype 4 infected patient vjhlie the assay used a 
genotype 1(a) derived antigen confirms the cross-reactive potential of this antibody. 
The data also suggest that antibodies with NOB-actlvlty ueem to be targeted at 
determinants conserved between different viral genotypes. 
Competition experiments were performed to determine whether the two antibodies 
binds to similar or topographically distinct epitopes. The HMAb 108 did not prevent 
(i.e. did not compete ) the detection of the neutralizing actlvty of the 503 Ab. These 
results strongly suggest that the HMAbs 108 and 503 recognize different epitopes on 
the E2 protein. 



Example 5: Prevention of HCV infection iri liver transplantation 



The following describes a liver transplantation in the case 
hepatitis C virus (HCV), whereby an antibody of the invention 
order to avoid a re-Infection of the implanted organ. 



of an infection with 
is administered in 
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clystering, taking blood 



Preparation of the patient: shaving of the whole body, 

(quantitatively determining HCV-RNA), decontamination of the intestine with' the help 
of drugs. 

Preparation of the donor (death of the brain certified, heal is still beating): taking 
blood (checking for antibodies against hepatitis B, C; HIV, qtomegalovirus), removal 
of the organ, conservation for the transport to the University of Wisconsin In a 
conservation medium (electrolyte solution rich in kallum, kept at a temperature of 
A'C) and transport to the patient. The patient is give! general anesthesia + 
immunosuppression in the O.R. (approx. 1 g prednisolone j FK 506 or cyclosporine 
A + optionally azathriopine + optionally antithymocyte globLln); stomach is opened 
(laparotomy); a bypass is fixed between vena femoralis (ridge) and vena axillaris 
(axilla) in order to stabilize the blood circulation; the livL is removed from the 
surrounding tissue, afferent and efferent vessels are preiared (arteria hapatlcae, 
vena portae, ductus choleductus. vena hepaticae) and the liver is mobilized (Pringel- 
ManQver). The vessels ana damped and the liver is removed. 
At this stage: the antibody is administered: 100-200 mg antibody + 500 mg human, 
serum albumin as a lyophllisate or as a concentrated soluion are dissolved in 100 
ml isotonic salt solution or In a 5% glucose solution and infused In the course of two 
hours. During the infusion the donor organ Is placed into the patient's abdominal 
region. The vessels are anastomosed (sutured), and again a blood probe is taken 
(determination of HCV-RNA-titer). After the infusion hJs been terminated, the 
vessels are re-perfused and checked for closeness. If they are closed, the liver Is 
placed In the abdominal region. One hour after the perfusion was started, a biopsy of 
the liver is taken and the abdomen is closed. The biopsy Is immunohisbchemically 
analyzed If the antibody has reached a target. 

The patient Is brought to the intensive care unit, kept under anaesthetic and artificially 
ventilated. Liver function, secondary hemorrhages, vascular occlusion, stage of the 
Infection, antibody concentration as well as HCV-RNA-titer In the blood are dosaly 
monitored (normal course of the HCV-RNA-titen after several • days below 
demonstration level it increases after approx. one week). 



mm 
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Long-term course: In the first period of time 100 mg prednisolone per day are 
administered, the dose is decreased to 5 mg in the course of three month; 
prednisolone as well as individual doses of FK506 or cycloiporine are administered 
for the whole life, azathriopin B and/or antithymocyte globilin only In the first four 
weeks. The therapeutic antibody will probably be renewed ivery six to eight weeks 
(infusion 100-200 mg); the HCV-RNA titer and the concentration of the antibody will 



be determined every four weeks. If there is known more 
measurement will not be necessary anymore. Liver function 



about the antibody, the 
infections and possible 



rejection reactions (biopsy) are monitored for the whole life. Preexposure prophylaxis 



use of condoms if no 



(partners of infected people; usually protection by the 
pregnancy is desired): Every six to eight weeks bolus of 1 0O-200 mg antibody 
intramuscularly (if sufficiently acceptable) or via Infusion. Monitoring of the antibody 
concentration in the blood. 



with a needle etc.) blood 



For postexposure prophylaxis (nurse who has stung herself 
is taken (HCV-RNA-titer Is determined), before result is there, 100-200 mg antibody 
are given via Infusion. 



§ 
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Claims 




1. An antibody comprising at least one complementarity determining region 
(CDR) of the V H and/or V L region of a human antibody comprising the amino 
acid sequence encoded by the DNA sequence depicted in Figure 5 (VJ and 
Figure 6 (V H ) that specifically recognizee a conformat on-dependent epitope of 
Hepatitis C Virus glycoprotein E2 and Is capable of flrecfpltattng covalently or 
non-covalentiy associated E2/E1 complexes. 

0 2. The antibody of claim 1, wherein said antibody is a monoclonal antibody, 
polyclonal antibody, chimeric antibody, humanized antibody, synthetic 



antibody, antibody fragment, or a chemically modifiec 



3. The antibody of claim 1 or 2 comprising the amino 
and/or V L region as depicted in Figures 5 and 6. 



derivative thereof- 



acid sequence of the V H 



4. An antibody recognizing the same epitope or antigen as the antibody of any 
one of claims 1 to 3. 



5. An antigen or an epitope thereof which Is recognized 
one of claims 1 to 4. 



6. A polynucleotide encoding at least a variable 
chain of the antibody of any one of claims 1 to 4, 



region of an Immunoglobulin 



A vector comprising the polynucleotide of claim 6, 
with a polynucleotide of claim 6 that encodes the vs 
immunoglobulin chain of said antibody. 



8. A host cell comprising a polynucleotide of claim 6 or & vector of claim 7 



by the antibody of any 



aptionally In combination 
riable region of the other 
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A method for preparing an antibody capable of recLizing a conformation- 
dependent epitope of Hepatitis C Virus glycoprotein E2 or a functional 
fragment or immunoglobulin chain(s) thereof comprising 
(b) culturing the cell of any one of claim 8 and 

(b) isolating said antibody or functional fragnjent or immunoglobulin 
chain(a) thereof from the culture. 



10. An antibody or fragment thereof encoded by a polynucleotide of claim 6 or 
obtainable by the method of claim 9. 

11- A pharmaceutical composition containing a therlpeutic amount of the 
antibody of any one of claim* 1 to 4 or 10, the antigen of dalm 5, the 
polynucleotide of claim 6, the vector of claim 7 or the cell of claim a and 
optionally a pharmaceutically acceptable carrier. 



12. A diagnostic composition comprising the antibody of 
the antigen of claim 5, the polynucleotide of claim 6 
the ceil of claim 8 and optionally appropriate reagen|s conventionally used In 
immunodlagnostic methods. 



any one of claims 1 to 4, 
the vector of claim 7 or 



13. A method for preventing (re)infection of Hepatitis; C Virus in a subject, 9 



comprising the step of administering the antibody of 
or 10. the polynucleotide of claim 6 or the vector of cliaim 7. 



any one of claims 1 to 4 



14. A method for alleviating chronic Hepatitis C in a 
of treating said subject using the antibody of any 
combined with a pharmaceutical^ acceptable carrier. 



subject, comprising the step 
one of claims 1 to 4 or 10 



1 5. The method of claim 1 3 or 1 4, wherein said subject I? i 



a human or an animal. 



FromlVossius & Partner 



+49 89 41304 1] 



26/05/2004 16:10 #008 P. 048/059 



16. 



17. 



18. 



19. 



20. 



21. 
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subject, 



A method for diagnosing chronic Hepatitis C in a 
samples of said subject are tested using the antibod^ 
to 4 or 10 for the presence of neutralization of 
glycoprotein E2 onto target cells. 



bine ing 



t, characterized In that 
of any one of claims 1 
of Hepatitis C Virus 



A neutralization assay for inhibiting the binding 
glycoprotein E2 onto target cells using the antibody tjf 
4. 



An In vitro Immunoassay for the presence of 
E2, characterized by measuring its co-preclpltation 
one of claims 1 to 4 or 10 under non-reducing conditions 



Hepatitis C Virus glycoprotein 
\/ith the antibody of any 



A method for detecting autoantibodies against Hepatttli 
comprising contacting a sample from a subject with th a 
detecting the presence of antibodies bound to said an 



ihe 



Use of the antibody of any one of claims 1 to 4 or 10 
the polynucleotide of claim 8, the vector of claim 7 or 
preparation of a pharmaceutical composition for the treatment 
HCV Infection in a subject or for the prevention of rea 



The use of claim 20, wherein said pharmaceutical 
be administered prior, during or after liver transplantat 



of Hepatitis C Virus 
any one of claims 1 to 



s C Virus In a subject 
antigen of claim 5; and 
:fgen. 



the antigen of claim 5, 
cell of claim 8 for the 
or prevention of 
rrenca of HCV Infection. 



composition is designed to 



on. 
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Described are novel antibodies specifically recognizing 
epitopes of HCV glycoprotein E2 and that are capable aof neutralizing the binding of 
E2 protein onto susceptible cells. Furthermore, antigens an i epitopes recognized by 
the abova^described antibodies as well as polynucleotides encoding said antibodies 
are provided. Also provided are to vectors comprising said polynucleotides as well as 
host cells transformed therewith and their use in the production of said antibodies, In 
addition, pharmaceutical and diagnostic compositions are 
of the aforedescrlbed antibodies, antigens, epitopes, polynucleotides, vectors or 
cells. Further described is the use of the aforementioned antibodies, antigens, 
polynucleotides and vectors in adoptive immunotherapy, preferably for the treatment 
or prevention of HCV infection during liver transplantation. 



conformation dependent 



FromlVossius 5 Partner 



+49 89 41304 111 26/05/2004 16:10 #008 P .051/069 



I 



THIS PAGE BLANK (uspto) 



i 



FromlVossius & Partner 



+49 89 41304 111 26/05/2004 16:10 #008 P .052/059 




FromlVossius & Partner 



+49 89 41304 111 26/05/2004 16: 10 #008 P. 053/059 




From.'Vossius 5 Partner 



+49 89 41304 111 26/05/2004 16:10 #008 P. 054/059 



3/7 



to 



o 

O 



&0 . 

t-- On 

TT O 
op 



oo 
m 



<N 



CO 



CO 

2 



f3 



2 •§ 
J 1 



^3- 

i 

o 



(N 

in 
i 

o 
m 



in 



u u 



n r-i vo C*» 

o m o ii 

t vn vn vo vo 

i i i i i 

2 T C- CN 

» T O « O 

n v 

< £D 6 Q (Vj 



oi 



i ^ 
I 1 

i ^ 

oi 



a? 



From:V'ossius & Partner 



+49 89 41304 111 26/05/2004 16:11 #008 P .055/059 




FromlVossius <S Partner 



+49 89 41304 111 26/05/2004 16:11 #008 P.056/ 




o o 
in 3 



H M 




CO 

c 

3 

o 
c 
.2 



£ 

3 
CD 

IZ 



FromlVossius 5 Partner 



+49 89 41304 1 1 1 26/05/2004 16: 1 1 #008 P .057/059 



6/7 ■ 



3 lfl 27 36 C5 5; 

TCT TAC GAG CTC ACG CAG CCG CCC TCG GTG TCA GTC TCC< CCA OiA CAG ACC GCC 



S 



t 
I 



<53 72 31 JO 99 1(J8 

AOG ATC ACC TOC TCT GCIA GAT C~CA TTC CCA AAG CAA TA'lJ OCT TAC TGG TAT CXQ 

* IT C S O D A £i P K Q V ! A V W * Q 



i!7 126 125 144 1 153 162 

CAG AAG CCA GGC CAG GCC CCT CTG TTC GTO ATA 1*aT AAA; VAT AAT CAO AG 3 CCC 



Q X ? G Q A r V L V I r K j O » K H ? 

171 130 lfl? 15 8 i 207 . 21% 

TCA GGQ ATC CCT GAO CGA TTC TCT CGC TCC AGO 'iVA C^j ACA ACA GTC ACG ViX? 

3G = ?EKrSOSH'SG~!TTVTL 



-20 23-i 343 252 . 261 

ACC ATC ACT GGA <5TC CAQ GCA OAA OAC GAG OCT GAC TAlI TAC TCT CAA TCA CCA 



3AA OAC GAG OCT GAC TAlI TAC TCT CAA 
= D E A D Y ; * C 'j 



279 



2U 



257 



305 



J24 



GfvC AGC ACT GOT TCT TCC TOG GTG TTC CX3C GO A. COG ACU XAfS CTG ACC GTC CTA 



Figure 5 
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9 18 27 36 | <J 54 

5' CAG CTC CAG CTA CAC CAG TOG GGC GCA GGA CTC TTG AAG CCT TCO GAG ACC CTQ 

Q V 0 t 0 Q W G A O L Li 4 P 3 - T L 

fi3 72, 81 90 ! »9 108 

TCC CTC ACC rGC GCT GTC TAT GOT GGG TCC TTA AGT GGT 7 AC TTC TCG ACC TOG 

SDTZAVVGGSLS^VFWTW 

- 126 135 14i | 1S3 LC2 

Arc CSC CAG TCC CCC GG5 AAG GGG CTC GAG TGG ATT GGG GAA AOC AAT TAT AGT 

lRaS?CSC LBWI^E5NYs 

171 180 139 193 ?07 216 

GGA AGT ACC AGO TAC AAC CCG TCC CTC AAG AGT CGA Q^C ACC ATA TCA OTA GAC 

G5TRVWPSLX531\|t2SVu 

225 234 243 252 I 261 270 

ACG TCC CAG AAC CAG TTC TCC CT3 AAO CTG ACC TCT GTjO ACC GCC GCG GAC ACG 

TSONOfSLKl.SSv[TAADl- 
27? 23B 2J7 306 315 y^ 

gct ota tat tac tqt gcg aga ggt tgg ccg gtg gac ggt atg c-ac gtc tgg ggc 
avyycargwavdJmovwo 

i 

333 3,43 SSI 

CAA GGG ACC ACG GTC ACC GTC TCC TCA 3 ' j 

QGTTVTVSS 
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